-2 -unity back-action induced spin-flip Raman scattering events within our measurement timescale. Therefore, straightforward improvements such as the use of a solid-immersion lens 9,10 and higher efficiency detectors would allow for backaction evading spin measurements, without the need for a cavity.
Absorption and dispersion coexist in an optical field's response to a spectrally detuned optical transition. While these responses are of comparable strength for small detunings, dispersive response dominates over the absorptive part as the spectral detuning is increased. Measurement of the dispersive response could provide information about the ground (spin) state, if the transition at hand is spin-selective with definite optical selection rules, as is the case for a quantum dot (QD) confining a single excess electron. 7, 11 In this Letter, we demonstrate a measurement of a QD spin by detecting this dispersive response in the form of Faraday rotation of a far-detuned linearly polarized optical field. Since the measurement field is detuned by as much as 340 times the transition linewidth from QD resonances, the dispersive response dominates over that of absorptive.
Theoretical proposals based on Faraday rotation from a QD embedded in a microcavity have suggested that QND measurement of a single spin could be implemented 12 . Remarkably, our observations suggest that the back-action evading spin measurement could be realized even in the absence of an optical cavity enhancing the Faraday rotation: while we estimate that the QD scatters a photon every 6 microseconds, the role of these photons is to leak information about the spin state into the radiation field reservoir without inducing a back-action on electron spin. The spin-flip Raman scattering events, which provide a back-action channel, occur once every 60 -3 -milliseconds. While it is impossible to avoid photon scattering within a measurement time yielding a Faraday signal-to-noise (SNR) ratio exceeding unity, spin-flip scattering can be negligible provided that the ratio of the peak absorption cross-section to the laser focal spot area exceeds the branching ratio to the spin-flip scattering channel (< 10 -3 in self-assembled QDs under 1-Tesla external magnetic field).
A single electron confined in a QD presents a four-level system in the trion representation as illustrated in Under an external magnetic field, the Zeeman splitting lifts the spectral degeneracy of the two trionic transitions (as is the case in Fig. 1A ). Consequently the dispersive response, which is otherwise cancelled due to the degeneracy and fast spinflips induced by the hyperfine interaction 15 , is expected to appear along with the absorptive part in the vicinity of each transition. Figure We now consider probe-laser detunings that are larger than the Zeeman splitting,
where the difference signal we observe is due to the competition between the two If, during a spin measurement, back-action occurs on a timescale faster than the natural spin-flip times, then the measured dynamics will be distorted by the back-action even when a short read-out timescale is obtained with respect to natural spin-flip dynamics, i.e. spin T 1 time. Therefore, while the measurement time can speed up with technical improvements, it is essential that the back-action remains negligible within the spin T 1 time. We infer that the back-action of our interaction mechanism within the relevant timescale of natural spin-flip events is indeed negligible. However, we do not claim a quantum nondemolition or back-action evading measurement here, since during the required measurement time to obtain a unity SNR level, between 1 to 10 back-action events occur (for a branching ratio of 10 -4 and 10 -3 , respectively). This limitation arises from the fact that our optical system has a numerical aperture of 0.5 and a photo-detector efficiency of 10%. By using a combination of index-matched solid-immersion lenses and commercially available higher efficiency photo-detectors, it would be possible to effectively eliminate measurement back-action in the form of spin-flip Raman scattering from the probe laser. In fact, based on the anticipated phonon 17,18 and co-tunneling 19 limited spin-flip times, we could envision resolving spin quantum jumps. Embedding the QD in a microcavity is an alternative strategy that has been previously proposed 12 :
-8 -incorporating gated structures into photonic crystal nano-cavities 20 is demanding, but the existence of a far-detuned cavity mode can well be the way to obviate measurement backaction. 
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